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A two-step process for synthesizing 2H-1-benzopyrans from phenols and S8-halopropionaldehyde acetals is

detailed.
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The 2H-1-benzopyran system 1 is being used in our la-
boratories for a number of synthetic endeavors. Although
a considerable amount of work has been reported on the
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synthesis of 2,2-dialkyl-2H-1-benzopyrans, fewer methods
for the preparation of the parent system (1) have been de-
veloped [1]. These known methods often require multistep
transformations or high temperatures, and sometimes suf-
fer from low overall yields and low regioselectivity in the
case of unsymmetrically substituted compounds.

Herein, we report the methodology that we have develo-
ped for the short (two-step) synthesis of 2H-1-benzopyrans
(1). The construction of the pyran portion was to occur by
the reaction of a suitably substituted, electron-rich phenol
2 with the three carbon unit 3 (Scheme I). Three potential
equivalents of 3 that are commercially available and/or
easily prepared in large quantity [2,3] are the $3-haloprop-
ionaldehyde alkyl acetals 4-6. We chose to use 3 because,
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(a) it was easy to prepare in large quanitities from 4 [2],
and (b) its use precluded the formation of by-products in
the cyclization reaction that made subsequent purification
difficult or impossible.

The first step involves a Williamson ether synthesis bet-
ween the potassium salt of the phenols 7a-f with chloroac-
etal 5 using a catalytic amount of tetra-n-butylammonium
iodide (TBAI) to give the ether-acetals 8a-f in the indica-
ted yields (see Table 1). The use of either the sodium phen-
olate with or without TBAI, or the use of the potassium
phenolate led only to a slow and incomplete reaction.
These results are reasonable when one considers both the
relative shielding abilities of the cations and the rate of
cation exchange of Na* and K* for nBu,N* [4]. Also, the
addition of excess iodide (either as nBu,N*I" or KI}) does

not appreciably accelerate the reaction, thus indicating
that a Finkelstein process of halide exchange is at best a
minor process in controlling the reaction speed.

The cyclization of aldehydes and aldehyde acetals onto
electron-rich aromatic systems has been used to synthesize
benzazepines [5] and 2,2-dialkyl-2H-1-benzopyrans [6].
Treatment of the acetals 8a-f with a catalytic amount of
p-toluenesulfonic acid in refluxing benzene gave the 2H-
l-benzopyrans 9a-f in the indicated yields after chromato-
graphy. A variety of Lewis and protic acids were studied in
this cyclization. In general, we have found the most effec-
tive and reliable one to be p-toluenesulfonic acid.

The cyclization is also highly regioselective. In one case
studied (8¢), cyclization gave ca. 8:1 mixture of para:ortho
cyclization products. In the other two possibilities for re-
gioisomer formation (8e and 8f — 9e and 9f respectively),
we could find no evidence of regioisomer formation using
standard spectroscopic and chromatographic analytical
techniques. The yield of the cyclization also is best when
an electron donating substituent is present at the position
para to the cyclization site (Table 1).

This methodology provides.a short and highly regiose-
lective method of preparing 2H-1-benzopyrans from a va-
riety of electron-rich phenols. Although the overall yield in
some of the examples is not high [7], the brevity of the
overall process and the eagy availability of the starting ma-
terials may make this alternative the method of choice in
some cases.
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EXPERIMENTAL

Proton nmr spectra were recorded on either a Varian EM-360A or Va-
rian XL-100 spectrometer using tetramethylsilane as an internal stan-
dard. Infrared spectra were recorded on a Perkin-Elmer 28] spectrome-
ter. Melting points were determined on a Fisher-Johns melting point ap-
paratus and are uncorrected. Elemental analyses for C and H were per-
formed by Dr. Franz Kasler of the University of Maryland.

Flash chromatography was performed using E. Merck Silica Gel 60
(230-400 mesh). Medium pressure liquid chromatography (mplc) was per-
formed using Whatman LPS-1 silica gel. Thin layer chromatography was
performed on E. Merck glass supported Silica Gel 60 (0.25 mm, F-254).
Analytical gas chromatography was carried out on a Hewlett-Packard
Model 5750 Research Chromatograph (columns, 6 ft, 10% UC-W98,
80-100m).

Ethyl acetate, Skellysolve F, and pentanes were distilled prior to use.
Benzene was distilled from calcium hydride and THF was distilled from
sodium/benzophenone.

Resorcinol Monobenzy!l Ether (7e).

This compound was prepared by the method described by Fitton and
Ramage [12] in 27% yield. The yellow waxy crystals had a melting point
of 42-45° (lit mp 50-51°); 'H nmr (deuteriochloroform, 60 MHz): & 4.85 (s,
1H), 5.71 (s, 1H), 6.19-6.46 (m, 3H), 6.80-7.21 (m, 6H).

242-Chloroethyl)-1,3-dioxolane (5).

B-Chloropropionaldehyde diethyl acetal (4) (SO g, 0.30 mole) and ethyl-
ene glycol (20.50 g, 0.33 mole) were placed in a round-bottom flask equip-
ped with a short path condenser apparatus. The reaction mixture was
heated and ethanol was distilled over until starting material disappeared
as evidenced by nmr analysis of an aliquot. The product was purified by
fractional distillation with a 5” Vigreux column to give a colorless liquid
(18.26 g, 45%) bp 74-78° (26 mm); 'H nmr (deuteriochloroform, 100
MHz): 6 2.12 (d of t, 2H, J = 4.6, 7.0 Hz), 3.64 (t, 2H, ] = 7.0 Hz),
3.83-3.99 (m, 4H), 5.01 (1, 1H, J = 4.6 Hz); ir (neat): 2975, 2890, 1415,
1130 cm™.

Anal. Caled. for C,H,ClO0,: C, 43.97; H, 6.64. Found: C, 44.27; H, 6.94.

(<Phenoxy)propionaldehyde Ethylene Acetal (8a).

Potassium hydride (24.6% mmole) (0.51 g, 12.70 mmoles) was placed
in a round-bottomed flask and the oil was washed off with 4 X 1 ml ali-
quots of petroleum ether. Tetrahydrofuran (10 ml) was added and the
suspension cooled to 0° in an ice bath. A solution of phenol (1.00 g, 10.6
mmoles) in 10 ml of THF was added dropwise via an addition funnel over
a period of 15 minutes. The mixture was stirred at room temperature for
15 minutes. Tetra-n-butylmmonium iodide (0.39 g, 1.06 mmoles) was ad-
ded, immediately followed by a solution of 2{2-chloroethyl)-1,3-dioxolane
() (1.59 g, 11.7 mmoles) in 15 ml of THF. The reaction was heated at re-
flux with stirring for 3 days. The reaction was cooled and filtered
through a Celite pad and the salts were washed with THF. The THF was
evaporated in vacuo and the remaining oil was dissolved in 30 ml ether.
The ether was washed with 2 x 30 ml of 10% sodium hydroxide and 30
ml of water, dried over magnesium sulfate and concentrated to yield 1.60
g (78%), of ether 8a. Spectroscopic analysis showed the product was pure
enough to be used directly in the next step. An analytical sample was
purified by flash chromatography (eluant: 10% ethyl acetate in Skelly F)
to give a clear oil; 'H nmr (deuteriochloroform, 60 MHz): § 2.13 (d of t,
2H,J = 4.5, 6.0 Hz), 3.8-4.2 (m, 6H), 5.09 (1, 1H, J = 4.5 Hz), 6.85-7.45
(m, SH); ir (neat): 2980, 2890, 1610, 1505, 1245 cm™.

Anal. Caled. for C,,H,,0,: C, 68.02; H, 7.27. Found: C, 68.06; H, 7.56.

(42-Methoxyphenoxy)propionaldehyde Ethylene Acetal (8b).

Potassium hydride (24.6% in oil (0.77 g, 19.0 mmoles) was placed in a
round-bottomed flask (nitrogen). The oil was washed off with 3 X 4 ml
aliquots of petroleum ether. Tetrahydrofuran (20 ml) was added and the
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suspension was cooled to 0° in an ice bath. Guaiacol (2.00 g, 16.0
mmoles) in 20 m] of THF was added dropwise over a 15 minute period
and the mixture was then stirred at room temperature for 15 minutes.
Tetra-n-butylammonium iodide (0.59 g, 1.60 mmoles) was added followed
by a solution of 2{2-chloroethyl}-1,3-dioxolane (2.45 g, 18.0 mmoles) in 30
m] of THF. The reaction was heated at reflux with stirring for 4 days, and
then cooled and filtered through a Celite pad. The salts were washed with
THF. The combined THF was evaporated in vacuo and the remaining oil
was dissolved in 75 ml of ether, washed with 2 X 50 ml of 10% sodium
hydroxide and 50 ml of water. The organic layer was dried over magne-
sium sulfate and concentrated to yield 1.80 g (50%) of crystalline ether
(8b). This was sufficiently pure by spectroscopic analysis to be used di-
rectly in the next step. An analytical sample was purified by trituration
with petroleum ether to give light pink crystals mp 45°; 'H nmr (deute-
riochloroform, 100 MHz): 6 2.21 (d of t, 2H, ] = 4.8, 6.8 Hz), 3.85 (s, 3H),
3.88-4.01 (m, 4H), 4.18 (t, 2H, ] = 6.8 Hz), 5.11 (1, 1H, J = 4.8 Hz), 6.90
(s, 4H); ir (chloroform): 3020, 2890, 1505, 1255, 1130 cm™'.

Anal. Caled. for C,,H,,0,: C, 64.27; H, 7.19. Found: C, 64.03; H, 7.34.

B<3-Methoxyphenoxy)propionaldehyde Ethylene Acetal (8c).

Potassium hydride (24.6% in oil) (0.39 g, 9.70 mmoles) was added to a
round-bottomed flask (nitrogen), and washed with 4 x 1 ml aliquots of
petroleum ether. Tetrahydrofuran (15 ml) was added and the suspension
cooled to 0° in an ice bath. Resorcinol monomethyl ether (1.00 g, 8.10
mmoles) in 15 ml of THF was added dropwise over a 15 minute period.
The reaction was then stirred for 15 minutes at room temperature. Tetra-
n-butylammonium iodide (0.30 g, 0.81 mmole) was added followed imme-
diately by a solution of 242-chloroethyl)}1,3-dioxolane (1.21 g, 8.90
mmoles) in 15 ml of THF. The reaction was heated at reflux for 4 days.
The reaction was cooled and filtered through a Celite pad and the salts
were washed with THF. The THF was evaporated in vacuo and the resi-
due was dissolved in 30 ml of ether. The ether layer was washed with 2 x
25 ml of 10% sodium hydroxide and 25 ml of water, dried over magne-
sium sulfate and concentrated to give 1.65 g, (91 %) of ether 8¢. This was
sufficiently pure by spectroscopic analysis to be used directly in the next
step. An analytical sample was purified by flash chromatography (eluant:
10% ethyl acetate in Skelly F) to give a clear oil; '"H nmr (deuteriochloro-
form, 100 MHz):  2.11 (d of t, 2H, J = 4.8, 6.6 Hz), 3.72 (s, 3H), 3.76-3.95
(m, 4H), 4.07 (1, 2H, ] = 6.6 Hz), 5.04 (1, 1H, J = 4.8 Hz), 6.44-6.53 (m,
3H), 7.04-7.28 (m, 1H); ir (neat): 2960, 2885, 1590, 1490, 1155 cm™.

Anal. Caled. for C,H,,0,: C, 64.27; H, 7.19. Found: C, 64.45; H, 7.19.

B-(4-Methoxyphenoxy)propionaldehyde Ethylene Acetal (8d).

Potassium hydride (24.6% in oil) (0.77 g, 19.2 mmoles) was placed in a
round-bottomed flask (nitrogen) and the oil was washed off with 4 x 3 ml
aliquots of petroleum ether. Tetrahydrofuran (30 ml) was added and the
solution was cooled to 0° in an ice bath. p-Methoxyphenol (2 g, 16.1
mmoles) in 30 ml of THF was added dropwise via an addition funnel over
a 15 minute period. The reaction was stirred at room temperature for 15
minutes. Tetra-n-butylammonium iodide (0.59 g, 1.61 mmoles) was ad-
ded, followed by a solution of 2{2-chloroethyl}1,3-dioxolane (2.45 g, 18.0
mmoles) in 30 ml of THF. The reaction was heated at reflux for 4 days,
then cooled and filtered through a pad of Celite. The salts were rinsed
with THF and the combined THF was concentrated in vacuo. The resi-
due was dissolved in 75 ml of ether and washed with 2 X 75 ml of 10%
sodium hydroxide and 75 ml of water. The organic layer was dried (mag-
nesium sulfate) and concentrated in vacuo to give 3.15 g (88%) of ether
8d. An analytical sample was purified by flash chromatography (eluant:
10% ethyl acetate in Skelly F) to give a clear oil; 'H nmr (deuteriochloro-
form, 100 MHz): 6 2.10(d of t, 2H, ] = 4.8, 6.6 Hz), 3.70 (s, 3H), 3.77-3.94
(m, 4H), 4.03 (1, 2H,J = 6.6 Hz), 5.04 (1, 1H, J] = 4.8 Hz), 6.80 (s, 4H); ir
(neat): 2980, 1890, 1515, 1230 cm™.

Anal. Calcd. for C,,H,,0,: C, 64.27; H, 7.19. Found: C, 64.12; H, 7.40.

B+3-Benzyloxyphenoxy)propionaldehyde Ethylene Acetal (8e).
Potassium hydride (24.6% in oil) (0.96 g, 24.0 mmoles) was added to a
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round-bottomed flask (nitrogen). The oil was washed off with 4 x 3 ml
aliquots of petroleum ether. Tetrahydrofuran (35 ml) was added and the
solution was cooled to 0° in an ice bath. A solution of resorcinol mono-
benzyl ether (4.0 g, 20.0 mmoles) in 35 ml of THF was added dropwise
over a 15 minute period. The reaction was then stirred at room tempera-
ture for 15 minutes. Tetra-n-butylammonium iodide (0.74 g, 2.00 mmole)
was added followed by 242-chloroethyl}1,3-dioxolane (2.86 g, 21.0
mmoles) in 35 ml of THF. The reaction was heated at reflux for 3 days.
The reaction was cooled and filtered through celite, and the salts washed
with THF. The THF was removed in vacuo and the remaining oil dissol-
ved in 100 ml of ether. The ether was washed with 2 X 75 ml of 10% sod-
ium hydroxide and 75 ml of water, dried (magnesium sulfate) and concen-
trated to give 6.28 g (100%) of ether 8e. An analytical sample was puri-
fied by mplec (eluant: 8% ethyl acetate in Skelly F); 'H nmr (deuterio-
chloroform, 100 MHz): 6 2.11 (d of t, 2H, J = 4.8, 6.5 Hz), 3.74-3.92 (m,
4H), 4.05 (1, 2H, J = 6.5 Hz), 5.03 (t, 1H (containing 2Hs at 6 4.96), ] =
4.8 Hz), 6.44-6.56 (m, 3H), 7.04-7.40 (m, 6H); ir (chloroform): 2960, 2880,
1590, 1495, 1180, 1145 cm™.

Anal. Caled. for C,;H,,0,: C, 71.98; H, 6.71. Found: C, 72.07; H, 6.76.

B8-(3,4-Methylenedioxyphenoxy)propionaldehyde Ethylene Acetal (81).

Potassium hydride (0.35 g, 8.70 mmoles) was placed in a round-bottom-
ed flask (nitrogen). The oil was washed off with 4 X 1 ml aliquots of pe-
troleum ether. Tetrahydrofuran (10 ml) was added and the suspension
cooled to 0° in an ice bath. A solution of sesamol (1 g, 7.25 mmoles) in 10
ml of THF was added dropwise over a 15 minute period. The reaction
was then stirred at room temperature for 15 minutes. Tetra-n-butylam-
monium iodide (0.27 g, 0.72 mmole) was added followed by 2-(2-chloro-
ethyl)-1,3-dioxolane (1.03 g, 7.60 mmoles) in 10 ml of THF. The reaction
was heated at reflux for 3 days. The reaction was cooled and filtered
through a Celite pad and the salts washed with THF. The THF was re-
moved in vacuo and the remaining oil was dissolved in 25 ml of ether and
washed with 2 X 25 ml of 10% sodium hydroxide and 25 ml of water.
The organic layer was dried (magnesium sulfate) and concentrated to
give 1.40 g (81%) of crystalline ether 8f. The ether was used directly in
the next step. An analytical sample was purified by trituration with petro-
leum ether to give white crystals mp 56-57°; 'H nmr (deuteriochloroform,

100 MHz): 6 2.11 (d of t, 2H, J = 4.8, 6.6 Hz), 3.83-3.98 (m, 4H), 4.04 (t,
2H,J = 6.6 Hz),5.07(t, 1H,J = 4.8 Hz), 5.89 (s, 2H), 6.27-6.73 (m, 3H); ir
{chloroform): 3020, 2980, 2900, 1510, 1490, 1480, 1190 cm.

Anal. Caled. for C,,H,,04: C, 60.50; H, 5.92. Found: C, 60.84; H, 6.00.

2H-1-Benzopyran (9a) (lit [8]).

A solution of S-{phenoxy)propionaldehyde ethylene acetal (8a) (1.50 g,
7.73 mmoles) in 30 ml of benzene was placed in a round-bottomed flask
(under nitrogen). p-Toluenesulfonic acid (459 mg) was added and the
solution heated at reflux for 3 days. A solution of 20 ml of 10% sodium
hydroxide was added and the solution cooled to room temperature. The
layers were separated and the organic layer washed with 20 ml of 10%
sodium hydroxide and 20 ml of water. The aqueous layers were extracted
with 20 ml of benzene. The organic layers were combined and dried
(magnesium sulfate) and concentrated in vacuo. The crude oil was puri-
fied by flash chromatography (eluant: pentane) to yield 0.21 g (20%) of
2H-1-benzopyran as a clear oil; 'H nmr (deuteriochloroform, 60 MHz): &
4.70 (d of d, 2H, J = 2.0, 3.5 Hz), 5.59 (d of 1, 1H, J = 3.5, 10 Hz),
6.20-7.08 (m, 5H); ir (neat): 2840, 1485, 1235, 1200 cm™'.

8-Methoxy-2H-1-benzopyran (9b) (lit [9,10]).

A solution of ether (8b) (1.00 g, 4.50 mmoles) in 20 ml of benzene was
placed in a round-bottomed flask (under nitrogen). p-Toluenesulfonic
acid (65 mg) was added and the solution was heated at reflux for 3 days.
At this time 10 m] of 10% sodium hydroxide was added and the reaction
was cooled to room temperature. The aqueous phase was separated and
the organic layer washed with 10 ml of 10% sodium hydroxide and 10 ml
of water. The aqueous layers were extracted with 20 ml of benzene and
the combined organic layers were dried (magnesium sulfate) and concen-
trated in vacuo. The crude product was purified by mple (eluant: 3%
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ethyl acetate in Skelly F) to yield 100 mg (14%) of a light yellow oil; 'H
nmr (deuteriochloroform, 100 MHz): 6 3.85 (s, 3H), 4.87 (d of d, 2H, ] =
1.8, 3.5 Hz), 5.72-5.82 (m, 1H), 6.34-6.85 (m, 4H); ir (neat): 2965, 2840,
1485, 1275, 1215 cm™.

7-Methoxy-2H-1-benzopyran (9¢) (lit [10]).

A solution of ether 8¢ (2.0 g, 8.90 mmoles) in 35 ml of benzene was
placed in a round-bottomed flask (under nitrogen). p-Toluenesulfonic
acid (60 mg) was added and the reaction heated at reflux for 24 hours. At
this time, 15 ml of 10% sodium hydroxide was added and the reaction
cooled to room temperature. The aqueous layer was separated and the
organic layer washed with 20 ml of 10% sodium hydroxide and 20 ml of
water. The aqueous phases were extracted with 25 ml of benzene and the
combined benzene layers dried (magnesium sulfate) and concentrated to
yield crude 7-methoxy-2H-1-benzopyran. The crude oil was purified by
mplc (eluant: 2% ethyl acetate in Skelly F) to yield 0.56 g (39%) of a light
yellow oil; 'H nmr (deuteriochloroform, 100 MHz): 6 3.72 (s, 3H), 4.75 (d
of d, 2H, J = 1.8, 3.5 Hz), 5.49-5.66 (m, 1H), 6.28-6.46 (m, 3H), 6.79-6.88
(m, 1H); ir (neat): 2960, 2850, 1600, 1510, 1280, 1200 cm™'.

6-Methoxy-2H-1-benzopyran (9d) (lit [10]).

A solution of ether (8d) (0.50 g, 2.23 mmoles) in 10 ml of benzene was
placed in a round-bottomed flask (under nitrogen). p-Toluenesulfonic
acid (55 mg) was added and the solution was heated at reflux for 3 days.
At this time 5 ml of 10% sodium hydroxide was added and the reaction
was cooled to room temperature. The aqueous layer was separated and
the benzene washed with 5 ml of 10% sodium hydroxide and 10 ml of
water. The combined aqueous layers were extracted with 10 ml of benz-
ene. The combined organic layers were dried (magnesium sulfate) and
concentrated in vacuo to give the crude chromene. This was purified by
mplec (eluant: 3% ethyl acetate in Skelly F) to yield 92 mg, 26% of a light
yellow oil; '"H nmr (deuteriochloroform, 100 MHz): 6 3.73 (s, 3H), 4.72 (d
of d, 2H,) = 1.7, 3.5 Hz), 5.70-5.87 (m, 1H), 6.31-6.83 (m, 4H); ir (neat):
2960, 2840, 1490, 1205 cm™.

7-Benzyloxy-2H-1-benzopyran (9e) (lit [11]).

A solution of ether 8e (2.00 g, 6.70 mmoles) in 35 ml of benzene was
placed in a round-bottomed flask (under nitrogen). p-Toluenesulfonic
acid (85 mg) was added and the reaction heated at feflux for 24 hours. A
solution of 20 ml of 10% sodium hydroxide was added and the reaction
was cooled to room temperature. The layers were separated and the
organic layer washed with 20 ml of 10% sodium hydroxide and 20 ml of
water. The aqueous layers were extracted with 20 ml of benzene and the
combined organic layers were dried (magnesium sulfate) and concentra-
ted to give the crude chromene 9e. This was purified by mplc (eluant: 2%
ethyl acetate in Skelly F) to yield 0.80 g (50%) of white crystals mp
57-58°; 'H nmr (deuteriochloroform, 100 MHz): 6 4.76 (d of d, 2H, ] =
2.0, 4.0 Hz), 4.98 (s, 2H), 5.57 (d of t, 1H, J = 4.0 Hz, 10 Hz), 6.26-6.52 (m,
3H), 6.58-6.68 (m, 1H), 7.35 (s, SH); ir (chloroform): 3010, 2840, 1640,
1500, 1275, 1170 em™.

6,7-Methylenedioxy-2H-1-benzopyran (9f).

A solution of ether 8f (2.00 g, 8.40 mmoles) in 35 ml of benzene was
placed in a round-bottomed flask (under nitrogen). p-Toluenesulfonic
acid (40 mg) was added and the solution heated at reflux for 12 hours. At
this time 20 ml of 10% sodium hydroxide was added and the reaction
was cooled to room temperature. The aqueous layer was separated and
the organic layer washed with 20 ml of 10% sodium hydroxide and 20 ml
of water. The combined aqueous layers were extracted with 20 ml of
benzene and the combined benzene layers were dried (magnesium sulf-
ate) and concentrated in vacuo to yield crude chromene 9f. The crude
chromene was purified by mple (eluant: 2% ethyl acetate in Skelly F) to
yield 0.90 g, 60% of white crystals mp 37-39°; 'H nmr (deuteriochloro-
form, 100 MHz); & 4.68 (d of d, 2H, J = 1.6, 3.7 Hz), 5.54-5.71 (m, 1H),
5.85 (s, 2H), 6.23-6.45 (m, 3H); ir (chloroform): 3020, 2900, 2870, 1485,
1270, 1125 em™.

Anal. Caled. for C (H,0;: C, 68.18; H, 4.50. Found: C, 68.32; H, 4.56.
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